The Gambling and Betting Tasks involve reward and punishment, so they assess what is sometimes called "hot" decision making (Kerr & Zelazo, 2004) . However, the Gambling and Betting Tasks seem to evaluate different aspects of decision making. With the Gambling Task, the participant has to take past rewards and punishments into account in order to avoid selecting cards from the two disadvantageous decks. Thus, it may be considered as an "emotion-based learning" task (for a discussion of the nature of the task, see Bowman & Turnbull, 2004) . The Betting Task mainly assesses the participant's willingness to take a risk and ability to adapt the risk to the chance of success. In a clinical sample of adults, Monterosso, Ehrman, Napier, O'Brien, and Childress (2001) have shown that emotion-based learning, as assessed by the Gambling Task, and risk taking, as assessed by the Betting Task, are not correlated.
Concerning gender differences on decision making, several authors found that men performed better than women on the Gambling Task (Reavis & Overman, 2001 ; see also Bolla, Eldreth, Matochik, & Cadet, 2004; Lejuez, Aklin, Jones, et al., 2003) . In a review of the question, Overman (2004) reported the results of an unpublished study conducted on adolescents where boys performed better on the Gambling Task. These results may reflect the fact that learning based on emotion is more efficient in adolescent boys and adult men. Recently, however, Garon and Moore (2004) found that young girls outperformed young boys on a modified version of the Gambling Task (3-to 6-year-old children). Thus, the results are mixed and the direction of the gender effect seems to depend on age. The three published studies using the Gambling Task with adolescents did not find any gender differences (Blair et al., 2001; Crone et al., 2003; Ernst et al., 2003) . This absence of gender differences might be due to methodological limitations, mainly small sample size, unequal numbers of boys and girls, or the inclusion of adolescents with disruptive behavior.
With regard to gender differences on risk taking, a metaanalysis by Byrnes, Miller, and Schafer (1999) indicated that men generally take more risks at all age periods. In adulthood, it was found that men took more risks on the Balloon Analogue Risk Task (Lejuez et al., 2002; Lejuez, Aklin, Jones, et al., 2003) . But a study conducted in adolescents with this decisionmaking task did not reveal any gender differences (Lejuez, Aklin, Zvolensky, & Pedulla, 2003) ; however, this result might be due to the small sample size.
Overall, boys show higher levels of externalized problems from childhood to adolescence (e.g., Bongers, Koot, Van der Ende, & Verhulst, 2004) . Emotion-based learning and risk taking, as assessed by computerized tasks, have been linked to these problematic behaviors, but none of the above-mentioned studies have reported gender differences on the selected tasks. This absence of gender differences might be due to methodological limitations. To overcome these limitations, we selected a relatively large sample of adolescents from the community (public school), including comparable numbers of boys and girls. The direction of the gender effect on the Gambling Task was difficult to predict since one published study found that girls perform better in childhood (Garon & Moore, 2004) and two others found better performance by men in adulthood (Reavis & Overman, 2001; Lejuez, Aklin, Jones, et al., 2003) . But considering that the mortality rate due to accidents is higher in adolescent boys, one might assume that they will learn to avoid the "dangerous" decks at the Gambling Task more slowly than girls (as, in a real-world context, they seem to be slower to learn to avoid dangerous situations). And because risky behavior is more frequent in adolescent boys (Byrnes et al., 1999; Choquet et al., 1997) , one might predict that boys will take more risks in the Betting Task.
Method

Participants
Adolescents were recruited in a public junior secondary school in Geneva. Two classes in each of the following grades were included: 7, 8, and 9 (one in the Latin specialization and the other in the Science specialization). All of them were preparing for secondary school. The parents of 128 students were contacted by mail in order to request their permission for the study. Two students were not allowed to participate. All the students attending school on the days when we carried out the research agreed to participate. The final sample was composed of 124 students (66 girls and 58 boys) aged from 11 to 15 years old (M = 13.06, SD = 0.90). The mean ages of the girls (M = 13.00, SD = 0.91) and boys (M = 13.12, SD = 0.90) were comparable, t(122) = 0.74, p = .46.
Materials
Gambling Task (Bechara et al., 1994) . Four decks of cards, face down, were displayed on a computer screen. The participant had to select one of the four cards, using the mouse. After a card had been selected, the computer indicated that an amount of money had been won (thus, there was a certainty of being rewarded). For certain cards, the computer first indicated that an amount of money had been won and then, after a short time, that an amount of money had also been lost (thus there was no certainty of being punished). For two "good" decks, the gains were always low and for two "bad" decks, the gains were always high. But the two "good" decks were associated with uncertain low punishments while the two "bad" decks were associated with uncertain high punishments. Rewards and punishments were designed so that the participant would earn more money in the long run if he/she chose the "good" decks. The instructions used in the task were the same as in the original one (Bechara et al., 1994) . Thus, participants were informed that two decks were advantageous and the other two were disadvantageous.
In the upper part of the screen, a bar displayed the total amount of imaginary money the participant had won. A second bar displayed the amount of money that had been borrowed. The task started with $2000, which was displayed in green in the first bar and in red in the second bar. Wins were signaled by a happy face and a pleasant sound and losses were signaled by an unhappy face and an unpleasant sound. The task was designed to stop after the participant had selected 100 cards. The first variable of interest is the deliberation time needed to select a card. The second variable of interest is the number of "good" cards selected.
The Gambling Task was programmed in Java (http: //java.sun.com) based on the original software, which was kindly sent by A. Bechara. However, the task was adapted to display "frs" (Swiss francs) instead of "$". Time was also measured between the moment the instruction to choose a card appeared and the moment a card was selected.
Betting Task . Ten red and blue squares were displayed, forming a line across the upper part of the computer screen. Red boxes were displayed on the left side and blue boxes on the right side of the screen. The ratio of red and blue boxes changed from one trial to the next. The participant was told that a ring was hidden, randomly, in one of the ten "boxes". He/she had to decide whether the ring was hidden in a red or a blue box and then had to make a bet. The ring then appeared. If the participant had chosen the correct color, he/she won the bet; otherwise, he/she lost the bet. The participant pressed the space bar to display the next trial. There were eight blocks of nine trials. At the beginning of each block, the total number of points was set at 100. If the total earnings became less than or equal to 1, the computer jumped to the beginning of the next block.
The first variable of interest was the number of times the correct color was chosen. The correct color was either red or blue if there was the same number of blue and red boxes, red if there were more red boxes, and blue if there were more blue boxes. The participant pressed one of two colored keys to select the color. The second variable of interest was the deliberation time needed to choose a color. Time was measured between the moment the bar was pressed to display the next trial and the moment a colored key was chosen. The third variable of interest was the bet size, expressed as a percentage of total earnings. Participants chose the amount they wanted to bet from five proposals displayed one after the other. In the first four blocks, bet proposals increased (5%, 25%, 50%, 75%, 95% of earnings), and in the last four blocks they decreased (95%, 75%, 50%, 25%, 5% of earnings). The participant pressed the space bar to select a bet proposal. Conditions with both increasing and decreasing bets were used so that a tendency to respond quickly and choose the first bet would not influence the mean bet size.
The task was programmed in Java and was developed based on the article by Rogers et al. (1999) . The task was adapted to display "frs" (Swiss francs) instead of "points" and the ring was replaced by a diamond. To construct the items, the position of the diamond was defined by generating a random number between 1 and 10 for the 72 trials, so that the diamond had an equal chance of showing up in any of the ten boxes. The nine possible ratios of colored boxes (1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1) were present in each block and their order was randomized. Wins were signaled by a happy face and a pleasant sound while losses were associated with an unhappy face and an unpleasant sound. A bar in the middle of the screen displayed the total amount of imaginary money won.
Procedure
The experiment was organized during class time. Students in one class gathered in a computer room. The tasks were run on Macintosh computers and headphones were used to hear the sound. Students took part in four trials to make sure that they understood the task. The four trials provided no information on what the correct answer was. Then the first task began. The order of the two decision-making tasks was reversed from one class to the other. The order of bet proposals in the Betting Task (increasing or decreasing) was reversed with the order of the tasks.
Statistical analysis
Accepting or rejecting a hypothesis based on p-value has been shown to be problematic, mainly because p-value depends on both sample and effect size (Cohen, 1994; Schmidt, 1996) . Following the recommendation of the APA Task Force on Statistical Inference (Wilkinson, 1999) , effect sizes were reported within their 95% confidence interval (CI) and used to interpret data. According to Cohen (1988) , a correlation (r) of between .10 and .30 corresponds to a small effect, between .30 and .50 to a moderate effect, and above .50 to a large effect. A correlation < .10 is considered to be negligible. Correlations are marked with an asterisk (*) if the 0 is not included in their 95% CI.
Two-way ANOVAs were performed following a procedure developed by Furr and Rosenthal (2003) . In this procedure, contrasts are applied to factors in order to test specific hypotheses. Then the effect sizes of factors are estimated by means of a correlation (r contrast , always positive). All analyses were computed with R (R Development Core Team, 2006) .
Results
Gambling Task
Two-way ANOVA. With the Gambling Task, a participant who learned from past experience would select more good cards as the trials proceeded. He/she might also respond more quickly at the end of the task. To take into account a possible learning effect, 5 within (Block) ϫ 2 between (Gender) ANOVAs were computed. Each block comprised 20 trials. The contrast L = [-2, -1, 0, 1, 2] was applied respectively to levels "1", "2", "3", "4", "5" of the Block factor. The contrast L = [1, -1] was applied to the Gender factor (boys' mean minus girls' mean).
A first ANOVA was performed on deliberation time. To obtain a symmetrical distribution, the natural logarithm of the deliberation time was log-transformed (means and SDs are reported in Table 1 ). Deliberation time became shorter from one block to the next. This Block effect was large, t(122) = -10.55, r contrast = .69*, CI = (.59, .77). The Gender effect was negligible, t(122) = -1.04, r contrast = .09, CI = (-.08, .27), as was the Block ϫ Gender interaction, t(122) = -0.81, r contrast = .07, CI = (-.10, .25). Thus, the time taken to select a card was comparable for boys and girls. Note. Deliberation time corresponds to the time needed to choose a card (log-transformed latencies).
A second ANOVA was performed on the number of good cards (means and SDs are reported in Table 2 ). The number of good cards increased from one block to the next. This Block effect was small, t(122) = 2.03, r contrast = .18*, CI = (.00, .35). Girls choose more good cards than boys, a difference that corresponded to a small effect size, t(122) = -3.28, r contrast = .28*, CI = (.11, .44). Girls learn more quickly to choose the good cards. This Block ϫ Gender interaction was small, t(122) = -1.69, r contrast = .15, CI = (-.03, .32). Further analyses indicated that, for girls, the simple effect of Block was moderate, t(65) = 2.95, r contrast = .34*, CI = (.11, .54). For boys, the simple effect of Block was negligible, t(57) = 0.14, r contrast = .02, CI = (-.24, .28). Thus, the results showed that the number of good cards remained constant for boys (see Figure 1) .
Other analyses. Total earnings were calculated over all trials (the 2000 francs borrowed at the beginning of the task were included in this total). The total earnings for girls (M = 1154, SD = 789) were greater than boys' earnings (M = 685, SD = 740), a difference that was small to moderate, t(122) = -3.40, r contrast = .29*, CI = (.12, .45). Pearson's correlations between age and the decision-making variables of the Gambling Taskthat is, deliberation time, number of good cards, and total earnings -were not significant.
Betting Task
Two-way ANOVA. A participant who takes adaptive risks would make higher bets when the difference between the ratio of red and blue boxes is large. Deliberation time to select a color may also vary depending on the ratio of red and blue boxes. To take into account these possible effects, 5 within (Ratio) ϫ 2 between (Gender) ANOVAs were performed. The contrast L = [-2, -1, 0, 1, 2] was applied respectively to levels "5/5", "6/4", "7/3", "8/2", "9/1" of the Ratio factor (e.g., level "6/4" corresponds to 6 red against 4 blue boxes or 6 blue against 4 red boxes). The contrast L = [1, -1] was applied to the Gender factor (boys' mean minus girls' mean).
A first ANOVA was computed on deliberation time. To obtain a symmetrical distribution, the deliberation time was log-transformed (means and SDs are reported in Table 3 ). Participants responded faster when the difference between the number of red and blue boxes increased. This Ratio effect was large, t(122) = -8.52, r contrast = .61*, CI = (.49, .71). The effect of Gender was negligible, t(122) = -0.82, r contrast = .07, CI = (-.10, .25), as was the Ratio ϫ Gender interaction, t(122) = -0.50, r contrast = .05, CI = (-.13, .22). Thus, the time taken to select a color was comparable for boys and girls.
A second ANOVA was computed on bet size (as a percentage of earnings). The supposed relationship between the colored box ratio and the bet size only holds when the participant chooses the correct color. Thus, bet size was only calculated on trials where the participant chose the correct color (means and SDs are reported in Table 4 ). Adolescents made higher bets when the difference between the number of red and blue boxes increased. This Ratio effect was large, t(122) = 12.28, r contrast = .74*, CI = (.65,. 81). Boys made higher bets than girls, a difference that was moderate, t(122) = 5.84, r contrast = .47*, CI = (.32, .59). Boys made higher bets than girls especially when the difference between the number of red and blue boxes was large. This Ratio ϫ Gender interaction effect was small, t(122) = 2.65, r contrast = .23*, CI = (.06, .39). Thus, boys took more risks at the Betting Task than girls and this gender difference was more pronounced for higher risks (see Figure 2) . 
Table 3
Means (SD) for deliberation time on the Betting Task by Gender and Colored Box Ratio
Other analyses
For the whole sample, the correct color was chosen in 82% of the trials, which indicated that the adolescent participants were generally able to increase their chances of success. The percentage of correct decisions was comparable for girls (M = 0.81, SD = 0.13) and boys (M = 0.82, SD = 0.14), t(122) = 0.68, r contrast = .06, CI = (-.12, .24). We calculated the total amount of money each subject won across the eight blocks of the Betting Task (gains and losses were summed across all trials and the 8*100 francs provided at the beginning of each block were also added). The natural logarithm of this total was used as the dependent variable since it is exponential in nature and leads to extremely high values (because bets are added to or subtracted from the total amount of money and this result is used to calculate the bet proposals in the next trial). It appeared that the logarithm of earnings for boys (M = 8.37, SD = 1.20) was greater than for girls (M = 7.88, SD = 1.06), a difference that was small, t(122) = 2.39, r contrast = .21*, CI = (.04, 37). Pearson's correlations between age and the decision-making variables of the Betting Taskthat is, deliberation time, selection of color, bet size, and total earnings -were not significant.
Relationships between the Gambling and Betting Tasks
Zero-order correlations were used to explore the relationship between the two tasks. Because significant gender differences were found on both tasks, partial correlations with the effect of gender removed were also calculated (Table 5) . Zero-order correlations were all small, except for the relationship between correct color on the Betting Task and good cards on the Gambling Task, which was negligible (r < .10). With gender controlled for, similar results were found, but the relationship between bet size and good cards also became negligible. Thus, risk taking on the Betting Task and disadvantageous choices on the Gambling Task were not related when gender was controlled for.
Discussion and conclusion
The aim of this study was to explore decision making in adolescence and to highlight possible gender differences. Decision making was assessed by the Iowa Gambling Task and the Rogers Betting Task. Data collected in a community sample revealed notable gender differences on both tasks. These differences corresponded to small or moderate effect sizes. On the Gambling Task, girls learned to make advantageous decisions and they earned more money. A learning effect was not observed for boys. Thus, boys found it difficult to avoid the "dangerous" decks. On the Betting Task, both boys and girls took more risks when their chance of winning was greater. Indeed, they made higher bets when the difference between the numbers of red and blue boxes was high. Hence, adolescents were able to adapt their risk-taking behavior to the situation. However, boys made riskier bets than girls, regardless of whether the odds of winning justified such bets or not. Since they generally chose the correct color (as did girls), they earned more money. Once gender was statistically controlled for, it appeared that emotion-based learning in the Gambling Task and risk taking in the Betting Task were not related. Overall, these results show that, in an experimental setting, boys do not change their decisions despite cumulative losses and are prone to take more risks than girls. In real-world situations, this combination could have serious consequences; it is compatible with the fact that boys are more frequently involved in Note. Bet size is given as a % of earnings.
• dangerous situations, that they generally take more risks, and that they are more likely to suffer serious or fatal injuries during adolescence (Choquet et al., 1997) .We will now discuss the personality traits, social factors, and brain development patterns that may explain gender differences in decision making when rewards and punishments are delivered. It should be noted that these factors may also be responsible for interindividual differences observed within each gender. Good performance on the Gambling Task (selecting the "good" decks and avoiding the "bad" decks) has been related to the ability to take into account the positive and negative consequences of a decision, at an emotional level (somatic marker theory; . In this framework, the fact that girls learn to avoid the bad decks in the Gambling Task and that boys take more risks in the Betting Task suggests that boys are less sensitive to future consequences than girls. In this vein, it has been found that girls have stronger physiological reactions to unpleasant stimuli (McManis, Bradley, Berg, Cuthbert, & Lang, 2001) . Their higher reactivity may help them to avoid the "bad" decks in the Gambling Task and also prevent them from taking too many risks at the Betting Task.
Gray's (1990) reinforcement sensitivity theory also offers an interesting framework for explaining the gender differences observed in this study. According to this model, individuals differ in terms of their proneness to inhibit a behavior when a punishment is expected (Behavioral Inhibition System, BIS) and in their proneness to promote an action when a reward is expected (Behavioral Activation System, BAS). The two systems are supposed to be independent (but a joint systems hypothesis has also been formulated; see Corr, 2004) . In adolescence, boys have been found to score higher on a "sensitivity to reward" scale than girls while girls score higher on a "sensitivity to punishment" scale (Aluja-Fabregat & TorrubiaBeltri, 1998). Thus, a more active BIS in girls could partly explain why girls learn to avoid the disadvantageous decks in the Gambling Task (sensitivity to punishment), while a more active BAS in boys might explain why they take more risks in the Betting Task (seeking rewards).
Boys and girls had comparable deliberation times on the Betting and the Gambling Task. Thus, after deliberating for about the same time as girls, boys made riskier choices. This finding suggests that boys are not necessarily more impulsive than girls. In favor of this point of view, we found no gender difference in adolescence on lack of premeditation (d 'Acremont & Van der Linden, 2005 ), which appears to be a core dimension of impulsivity (Whiteside & Lynam, 2001 ).
Brain damage and image studies suggest that the ventromedial and the dorsolateral prefrontal cortex constitute two major brain structures that support decision making when a reward or punishment is delivered (Bechara, Damasio, Tranel, & Anderson, 1998; Ernst et al., 2002) . In youth, an fMRI study has shown that gains and losses following a bet activate the orbital frontal cortex (May et al., 2004) . There is now growing evidence that brain development continues during the second decade of life and that consistent gender differences exist regarding the brain's organization and activation during this period (Durston et al., 2001; Killgore, Oki, & YurgelunTodd, 2001 ). For instance, a longitudinal MRI study suggests that the pruning of gray matter in the frontal lobe is delayed in boys (Giedd et al., 1999) . Thus, gender differences in terms of decision making might be explained by different patterns of brain development or activation, especially in the prefrontal cortex. Although brain development may play an important role in adolescent risk taking, social factors such as parenting or peer influences should not be neglected. There is evidence that parents communicate with their children in a way that encourages risk taking in boys (Morrongiello & Dawber, 2000) , and one study has found that gender role orientation predicts risky behavior in adolescence better than gender as such (Raithel, 2003) . Adolescent behavior is also greatly influenced by peers and a study has recently shown that adolescents take more risks on a driving computer game than adults, but only in a condition where they have to play with two peers next to them (Steinberg, 2005) . No differences were found when the adolescents had to play alone. In our study, participants completed the task in the same classroom, which may exacerbate social comparison. One interesting question for further research is whether performance at the Gambling and Betting tasks is influenced by the presence of peers and whether gender differences may also increase with their presence. Indeed, several studies have found that the influence of peers is moderated by gender (e.g., Wall, Power, & Arbona, 1993) .
In conclusion, we observed gender differences on two decision-making tasks in a community sample of adolescents. These observations are compatible with the propensity of boys to get involved in dangerous situations and to take more risks during this period. Gender differences in decision making might be explained by personality factors such as sensitivity to reward and punishment, brain maturation or activation, or social influence. However, these possible explanations were not tested in this study and further research is needed to overcome these limitations.
